Purpose -The way to measure the value of an enterprise's R&D investments remains elusive for theoretical and empirical study on innovation economics. The paper aims to discuss this issue. Design/methodology/approach -This paper expands the asset-value model pioneered by Griliches (1981) and applies it for the first time to the Chinese stock market to calculate the value of R&D investment instilled by Chinese manufacturing listed companies (CMLCs) from 2003 to 2014. Findings -The authors find that: the assets-value model can better explain the enterprise value composition of CMLCs; with equal input, the value of R&D is higher than that of tangible assets, and lower than that of organizational assets; compared with the developed countries, the R&D value of CMLCs is lower; and the R&D value of CMLCs saw a downward trend from 2007 to 2014. Originality/value -Furthermore, by rationally estimating the value of organizational assets and non-tradable shares, and innovatively introducing semi-annual momentum indicators from the perspective of behavioral finance to control the influence of investor sentiment on enterprise value, this paper tries to develop the asset-value model and provides a feasible solution to the problem of measuring the value of Chinese enterprises' R&D investment. Keywords Innovation, Investor sentiment, Market valuation, Asset-value model Paper type Research paper
Introduction
As the key source and the inexhaustible driving force of economic growth, innovation primarily originates from the research and development (R&D) behavior of enterprises. Measuring the value of corporate R&D activities is of pivotal importance to corporate management, market investment, academic research and policy development, but the nature of innovation activities (high risk, inter-temporal revenue span and severe information asymmetry) makes such measurement a hard nut in both the theoretical and empirical study of innovation economics.
In this regard, there are three major research paths in academia, which estimate the R&D value of enterprises from three aspects: productivity, performance indicators and market value. The most common approach is the use of various production function models to measure the contribution of R&D inputs to total factor productivity (Mairesse and Mohnen, 1995) , which is mainly guided by the theory of endogenous growth, and model estimates based upon Cobb Douglas functions, transcendental logarithmic functions, etc. However, this approach has the following defects: R&D activity is highly uncertain, and even experienced industry experts can hardly estimate the final result in the R&D process; R&D activities are of a hysteretic nature that renders the current index very indirect and imperfect in terms of R&D value, and the lagging indicator often means that the data length is not enough to accurately estimate the overall effect; and the determination of the production function parameters is highly controversial and has undue influence on the final result. The second approach is to use performance indicators such as patents, technology licenses, profits or outputs to directly measure R&D value. This method also has certain defects: the number of patents is not comprehensive and sufficient. Because the value distribution of patents is extremely skewed, some patents are very valuable, and many are worthless (Harhoff et al., 1999; Scherer et al., 2000) ; the value of a technology license constitutes only a small part of the direct return of R&D, and most firms' innovations do not take the form of technology licenses to generate revenue; and the profit or output at the enterprise or industry level is affected by many other factors, from which the impact of R&D is difficult to be separated. Aside from the above two approaches, the market value method borrows a specific method in the commodity demand literature, namely, the hedonic price equation, to measure the values of knowledge assets formed by different corporate investments into R&D. The underlying assumption is that: a listed company is a combination of assets (usually including plant and equipment, inventory, intellectual property, trademarks and reputation), whose value is determined by the financial market every day, and the margin shadow value (total return) of knowledge assets in the market can be obtained from the regression coefficient. Estimating R&D value using market value method has its own advantages: perspectiveness ( forward-looking): since the shadow price of the intellectual property formed by R&D contains all current information about the success or failure of the R&D investment, it relies on the valuation of corporate assets in the financial market, which is more concerned with expected returns than historical returns. Second is rationality: because asset prices are fair pricing formed by full transactions of the market, they are not easily manipulated by financial personnel. Third is feasibility: the public financial statement of listed companies form the basis for market investors to price the company, and can also be used to price different types of assets. Griliches (1981) first adopted this method to determine the marginal value of adding one unit of investment to R&D assets by regressing the assets of firms. Following this groundbreaking work, many studies have adopted hedonic price equation in the capital market, namely, an assets-value model to analyze relationships between R&D (in stock and in flow) and market value (Griliches, 1981; Hall, 1993a; Blundell et al., 1999; Toivanens et al., 2002; Munari and Oriani, 2005; Nagaoka, 2006; Greenhalgh and Rogers, 2006; Chadha and Oriani, 2010; Sandner and Block, 2011) .
These early researches focus mostly on US-listed companies, and then gradually on other countries and regions, such as Europe, Australia, Japan, India, Chinese Taiwan and South Korea. However, these studies ignore the impact of market volatility and investor sentiment on enterprise value, and nor do they notice the impact of organizational assets on the firm's market value. In China, only Wang and An (2014) studied the impact of the size of Chinese manufacturing listed companies (CMLCs) on R&D investment performance in 2003-2011 with the assets-value model, but the research variables were relatively unitary. To this end, this paper introduces investor sentiment variables from the perspective of behavioral finance, estimates organizational assets, comprehensively expands the assets-value model pioneered by Griliches (1981) , and uses the panel financial data of CMLCs in 2003-2014 to measure the value of their R&D investment and its changes.
Theoretical framework and econometric model 2.1 Theoretical framework
The basis for applying the hedonic price equation in the capital market is the Tobin's Q theory: the long-term equilibrium market value of a company's assets should equal the replacement value of these assets. When the market is in an unbalanced state, i.e. Tobin's 242 CPE 1,2 Q ≠1, the firm has the incentive to increase or decrease the investment; otherwise there should be unmeasured assets or rents, rendering a difference between the market value and the book value. Firm value is seen as a dynamic optimization strategy for a given portfolio of assets to maximize the discounted value of future cash flows generated by that portfolio. Since asset adjustment is not cost-free, the current state of the company's capital determines the optimal value of the existing portfolio. This means that the company as a continuing entity can have its market value represented as a function of this group of assets. R&D inputs generate knowledge and experience, and their accumulation constitutes the company's technical knowledge stock, ultimately forming a knowledge asset whose value is equal to the present value of its future returns. Assuming that the intellectual assets created by R&D investment will generate profits in the future, and that these profits are capitalized by the stock market as part of the company's stock price, the contribution of intellectual assets should be reflected in the company's market value. It is thus possible and economically meaningful to use the company's market value as an indirect indicator of R&D's expected future returns.
The intellectual asset created by R&D investment has been the focus of many researches. However, as an important part of intangible assets, the impact of organizational assets on firms' market value has not received due attention. As an intangible asset that exists in corporate organization, organizational capital (assets) encompasses explicit or tacit knowledge of the organization's proprietary experience, rules and culture. Although organizational assets are not reflected in financial statements, they constitute an important part of intangible assets of firms, affecting the portfolio of physical capital, human capital and intellectual capital, enabling enterprises to smoothly produce products or provide services. Organizational assets include three aspects: the framework of rational allocation of power as a resource in an organization; the operational processes, regulations and unwritten practices formed by the organization; and the mechanisms for promoting knowledge creation, dissemination and communication in the organization (Liu and Chen, 2007) . Studies outside China have shown that organizational assets have a significant contribution to market value (Brynjolfsson et al., 2002; Hulten and Hao, 2008; Piekkola, 2016) , but the author has not seen similar studies China. Therefore, this paper attempts to estimate the organizational assets of CMLCs and incorporate them into the assets-value model to control the impact of organizational assets on the company's market value.
In the assets-value model pioneered by Griliches (1981) and expanded by future generations, the company's market value is seen as a function of corporate assets consisting of tangible and intangible assets, and a series of control variables reflecting corporate risk-taking, market position and financial performance have been incorporated. However, this framework suffices not to explain the substantial fluctuations in corporate market value during the bull or bear capital markets, wherein the sharp rise and fall of the stock price of listed companies often embodies not the big changes in firms' own operating conditions, but those in the market environment. Environmental factors that affect all listed companies, such as macroeconomic conditions, can be controlled by using time dummy variables. In addition, investors who are both parties to the market are themselves part of the market environment and have a significant impact on company pricing. Since behavioral finance believes that investors are not "rational man" but "run-of-the-mill (ordinary normal) man," the existence of cognitive bias makes it impossible for investors to reflect and process information objectively, fairly and unbiasedly; hence, the market is not effective, the asset price is also irrational and the asset price is determined not only by the intrinsic value of the asset, but also by the psychological and emotional factors of the investors (Han Zexian, 2005) . Many studies have shown that investor sentiment has an important impact on stock market returns and volatility (Shiller, 1980; Daniel et al., 1998) . Especially in the peak of the bull market and the trough of the bear market, the influence of investor sentiment on stock prices (accounting for about 60 percent) far exceeds that of the company's fundamental factors on prices (Darst, 2003) . Therefore, this paper innovatively incorporates market sentiment factors in the assets-value model to represent the impact of investor sentiment on firms' market value. The model framework for this paper is shown in Figure 1 .
Econometric model
The hedonic price equation describing firms' market value can be written as a function of the various assets that company i has at time t:
where V it denotes the market value of company i at time t (the value of all shareholders' equity plus long-term and short-term liabilities, minus cash). A it denotes the book value of the company's tangible assets at time t, such as plant, equipment, inventory and financial assets, etc. K it denotes the intangible asset of company i at time t, including intellectual assets, organizational assets, creditworthiness and brands, etc. In Equation (1), labor and other inputs are ignored because this paper assumes that they can always adjust to the greatest value, so they are a function of various assets. This means that the correlation coefficient obtained in the study will cover the indirect effects of capital and knowledge stock through the adjustment of the variables used. Referring to the method of Hall (2000) , Equation (1) can be written as:
where Q it denotes the multiplier of the total assets of company i at time t, reflecting the market investors' estimator coefficients of the operating conditions, future development prospects, bull or bear markets and other factors for the company's total assets. A it denotes the company's tangible assets, K nit represents the company's nth intangible asset, and g nit is the shadow value of the nth intangible asset for tangible assets. q it gn it denotes the absolute shadow value of the nth intangible asset. In practice, q it gn it reflects the valuation that investors expect the nth intangible asset to be discounted to the company's current and future returns. σ represents the scale effect of the asset, σW1 represents an increasing (returns of ) scale effect, σo1 represents a diminishing scale effect and σ ¼ 1 represents an invariant scale effect. Since the company investment in R&D activities forms intellectual assets, the intangible assets can be written as RD+OC+K', where RD stands for intellectual assets, OC stands for organizational capital and K' stands for intangible assets other than intellectual assets and organizational capital. Therefore, Equation (2) can be written as:
where g 1it , g 2it , and g 0 it are the shadow values of intellectual assets, organizational capital and other intangible assets for tangible assets, respectively. In principle, they should be allowed to fluctuate over time, but due to the small sample size and short time span, we refer to Hall (2000) and Toivanens et al. (2002) for estimates of the US and UK data, and assume g 1it , g 2it and g 0 it as time-invariant constants, i.e. g 1i , g 2i and g 0 i . A it is extracted uniformly from the parentheses on the right side of the equation, and the natural logarithm is taken on both sides of the equation. Since the research object of this paper is manufacturing companies, assuming that the main part of their assets is tangible assets, the ratio of intellectual, organizational and other intangible assets to tangible assets is thus close to zero. According to the approximate equation lim
x-0 log 1 þx ð Þ%x, Equation (3) can be written as:
where m t is a time dummy variable that represents the change in the stock market's overall price or industry sector price over time. It controls the effects of macroeconomic changes, including changes in overall economic growth expectations. u i is a market-independent random error term that represents company-level factors. e it represents the influence of market investor sentiment. When it is greater than 0, market investors tend to overestimate the company's value. When it is less than 0, investors tend to underestimate the company's value. ε it is the error term. The regression model established by Equation (4) is as follows (Table I) :
The description is as follows:
(1) The market value in the model is derived from the company's enterprise value defined by Tobin's Q theory, which can be regarded as the theoretical cost of acquiring a company, given that the acquirer must bear the company's liabilities.
(2) The R&D value discussed in this paper refers to the contribution of a unit R&D input to the logarithm of the company's market value, namely, σg 1i in Equation (5). Among them, according to the assets-value model regression, the shadow value of the intellectual property of CMLCs relative to the tangible assets, i.e. g 1i , can be regarded as the relative value of R&D investment. If g 1i ¼ 1, it means that the contribution of one unit of currency to the market value of the intellectual assets is equivalent to that of one unit of currency invested in the tangible assets. When g 1i is greater than (or less than) 1, the stock market's valuation of intellectual assets is greater than (or less than) that of the tangible assets. Note that g 1i is a relative value that represents a multiple of the contribution of an intellectual asset to a market value relative to the contribution of a tangible asset to a market value. The higher the multiple, the higher the expected return of the intellectual asset relative to the tangible asset will be. It represents the economic benefits that the capital market expects the company to obtain from R&D investments, and also reflects the private rate of return on intellectual assets. Due to data limitations, the intellectual assets referred to here only include intellectual assets converted from R&D inputs. Similarly, the value of organizational assets refers to the contribution of unit organizational assets to the logarithm of the company's market value, namely, σg 2i , where g 2i denotes the relative value of organizational assets.
(3) Our model selects R&D input to measure enterprise innovation without the use of common R&D personnel and patent data because of the following reasons: first, R&D input is more widely used and lasts longer in innovative research. Although it is often seen as one of the many indicators of innovation, the strength of R&D lies in its adequacy of data on time scale, given that many countries have detailed statistical classifications covering innovations in industries, universities and research institutions (Smith, 2004) . It is the basis for companies to build knowledge absorption capacity (Cohen and Levinthal, 1990) , and reflects the determination and intensity of the company's implementation of innovation strategy. Second, the number of R&D personnel is generally used to compare innovation ability, also used in innovation-related regression. The underlying assumption is that the number of R&D personnel is directly proportional to the ability to innovate, but it remains elusive that the process of linking innovation capabilities to the number of R&D personnel simplifies the inter-researchers and inter-organizations difference in innovation efficiency. Third, the drawback of patent numbers is that they only indicate new technologies, which do not equal to (Kleinknecht and Mohnen, 2002) . Fourth are data availability limits. Due to the express regulations of the regulatory authorities, the number of listed companies that disclose R&D investment is the highest, and because the number of R&D personnel and patent data are not within the scope of mandatory disclosure, only a few listed companies disclose this information.
(4) Our model uses the salary of the company's managers to estimate the company's organizational assets. The work of company managers in establishing or improving business models, corporate culture, organizational structure, institutional processes, operational practices and other implicit knowledge can be seen as investments in organizational assets. Therefore, this paper uses the salary of management staff to estimate the capital and intermediate expenses associated with the organization. This method was developed by Görzig et al. (2011) and improved by Rahko (2014) , similar to the estimation at the national level by Corrado et al. (2005) ; it focuses on the company's own accounting investment in organizational assets. The above literature assumes that 20 percent of the company manager's work time is spent on investing in organizational assets. Based on this assumption, 20 percent of the salary of listed company managers is regarded as the company's investment in organizational assets.
(5) Our model's knowledge assets and organizational assets are, invariably, replaced by the current year's input flow, that is, the R&D input flow is used to replace the current year's intellectual asset stock, and the organizational asset input flow is used to replace the current year's organizational stock. Since the source of R&D investment stock is the company's current and previous R&D investment, it is difficult to determine the depreciation rate of previous R&D inputs into stocks. Therefore, this paper adopts the existing literature method to replace R&D stocks with R&D flows; Hall (1993a, b) showed that these two types of measures have very little difference in estimates, and that because R&D flows reflect higher depreciation rates and temporal randomness, they are more explanatory (Klette and Griliches, 2000) . In the same way, organizational assets are treated as such.
(6) Since the samples are sourced from listed companies between 2003 and 2014, it is necessary to consider the calculation of the enterprise value before and after the Split Share Structural Reform started in 2005. Since most of the listed companies before the share reform have state-owned shares and legal person shares whose circulation is restricted, we can neither ignore the value of these restricted circulation stocks nor equate them with the value of fully-circulated stocks. According to the research of Yang et al. (2008) , according to the completion time of the share reform of different sample companies, the price of the restricted shares before the share reform is regarded as a certain percentage of the price of the outstanding (circulating) shares, and the ratio is set to 0.43.
(7) Control variables: first, according to Polk and Sapienza (2004) and Hua et al. (2010 Hua et al. ( , 2011 , the Model uses the cumulative monthly stock returns of listed companies from July to December of the current year to control the impact of market investor sentiment on corporate valuation. Second, earnings per share, representing profitability, is the potential guarantee for R&D investmen.; Third, the assetliability ratio can control company-level risks, and measure financing capabilities. Generally speaking, the higher the debt ratio, the higher the cost of corporate financing, and the less likely it is to invest in R&D. Fourth, the growth prospects represent the growth potential of the company, and if the future investment will bring higher than average returns, this will make the decision makers of the enterprise more motivated to invest in innovation. Fifth, the cash flow asset ratio represents the market power and long-term profitability unrelated to R&D investment (Hall, 1993a) .
3. Data source and description 3.1 Data source China's current sources of innovative information can be divided into three categories: innovation data published by official agencies such as the National Bureau of Statistics, the Ministry of Science and Technology or the National Development and Reform Commission; innovation data of small sample surveys conducted by universities and research institutes based on innovation at the enterprise level; and innovation data disclosed by listed companies in the annual reports. At the beginning, the listed companies in China were not required to disclose the innovation data; only a small fraction of companies voluntarily did so. This situation remain unchanged until February 2007, when the China Securities Regulatory Commission (CSRC) issued the "Regulation No. 15 on the Information Disclosure and Reporting of the Publicly Issued Securities -General Provisions on Financial Reporting" and explicitly required that listed companies must disclose relevant innovation information such as R&D. The innovation data obtained from the annual report combine the advantages of the first two types of data: it can be refined to the company level, and it can be easily obtained via public access. Therefore, this paper selects the innovation data of listed companies for 12 consecutive years from 2003 to 2014 as a sample based on the annual reports of listed companies. The selected sample companies must meet the following conditions:
(1) Manufacturing as the main business: the stock market has different valuations for intellectual capitals of the manufacturing and service industry, given the big difference between the two: manufacturing innovation mainly focuses on technological innovation, including product innovation and process innovation, while industry innovation is mainly based on model innovation and process innovation. The innovation of manufacturing industry is mainly reflected in the introduction of new products, and the improvement of the productivity and technical parameters of existing products. The innovation of service industry is more reflected in the innovation of business model, organization and management.
(2) Financial health: the research object of this paper is the enterprises of normal production and operation. Therefore, in the sample companies, we excluded those with net assets, less than 30 employees, ST (special treatment) labels, backdoor listings during the inspection period and annual reports issued by the accounting firm with reservations or no signatures, and those have been disclosed by the media with frauds, investigated or penalized by the CSRC for financial data problems.
(3) No abnormality in the R&D input data: some companies disclose excessive R&D investment in some years, even higher than 20 percent of their total assets, which is obviously unreasonable. To avoid the impact of individual outliers on the overall analysis, the R&D capital intensity was used as an indicator to remove the highest and lowest 0.5 percent samples.
As of December 31, 2014, China's A-shares (RMB ordinary shares) contained 2,587 listed companies. After eliminating companies that did not meet the above criteria, a total of 946 sample companies were selected. 
Basic situation of innovation of sample companies
(1) Huge gaps in R&D investment: as shown in Table II , the coefficient of variation reached 3.7573, but after the R&D inputs were divided by company's tangible assets, the difference in R&D capital intensity was much smaller. Moreover, the average and median R&D capital intensity of the sample companies exceeds the internationally recognized level of 2 percent.
(2) The number of companies that disclose R&D and the average input of individual firm's R&D increased year by year. No listed companies disclosed R&D investment before 1999 (Xue and Wang, 2001 Table III , the number of companies that disclose R&D has grown rapidly since 2006.
(3) After 2012, the sample companies' R&D input intensity is higher than the national average. As shown in Table IV , listed companies, as representatives of the national manufacturing industry, have an R&D investment intensity roughly equivalent to the national average, showing no special lead before 2012. Since 2012, the R&D input intensity of CMLCs started to outpace the national average.
R&D value of CMLCs

Empirical premise
To study the R&D value of CMLCs with an assets-value model, it is important to note the conditions under which the model can be established: it can only be applied to public companies trade in a well-functioning financial market (Hall, 1999 ) -only when the market is effective, can Investors identify the company's intellectual capital and organizational capital as the basis for the company's valuation. Nonetheless, the use of capital market valuations can take advantage of market fair pricing for future-oriented valuations and avoid cost-benefit intertemporal issues, which have baffled the traditional productivity methods and indirect indicator methods. However, researchers have always believed that the Chinese stock market is of a serious speculative nature. Its policy-dependent and message-dependent characteristics have further roused the speculative psychology of ordinary investors. Most investors will not use the financial statements of listed companies as the basis for company valuation, if this view holds, then the assets-value model cannot be applied to the Chinese stock market. Although scholars have long believed that the stock performance signals of Chinese listed companies are distorted, and the market is not effective, fortunately, this situation has improved with the gradual development of China's securities market. Zhang and Li (2003) used the AR(2) autoregressive model of time-varying coefficients, and considered the influence of heteroscedasticity of "volatility clustering" to determine that China's stock market has manifested a weak form efficiency since 1997. Wang and Yang (2006) 
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Note: The sample size of the assets is greater than that of the company value because these companies disclosed the assets before listing, but there is no market value at this time show that the major dependent panel price indexes of China's securities market are subject to the panel data unit root process: this conclusion implies that the market has microcosmic weak efficiency during the study period. Konglai and Jingjing (2013) The results show that, basically, the two markets both have weak efficiency. Furthermore, the author also excluded companies with unhealthy financial status and serious speculativeness in the sample screening process. Therefore, it can be considered that the sample of our research basically satisfies the assumption of the assets-value model.
Pre-regression inspection
(1) Correlation coefficient test: if there is a high correlation between multiple explanatory variables in the regression model, it means that the information contained in these variables to explain the change of the dependent variable overlaps, and it is therefore not appropriate to incorporate them into the model regression, otherwise it will lead to severe multicollinearity. The direct consequences are that the standard error of the regression coefficient parameter estimation becomes larger, the confidence interval becomes wider, the stability of the estimated value decreases, the probability of accepting the error of alternative hypothesis increases, the probability that the coefficient cannot pass the t-test increases and that the correctly estimated value of the coefficient is often unattainable. Therefore, the correlation coefficient between the explanatory variable and the dependent variable must be calculated before regression (see Table V ). The results show that the collinearity problem between the explanatory variables is not serious. The correlation coefficient between the asset-liability ratio Lev and the enterprise scale LogA, as well as between earnings per share EPS and growth prospects, and cash flow-asset Ratio CF, is rather large. In practice, these control variables are included separately in the model regression, and the regression results that contain all the control variables need to be carefully explained.
(2) Unit root and cointegration test: the unit root test is to check whether the variables are in a stationary sequence. If the stationarity of the sequence is not checked, direct linear regression can easily lead to spurious regression. With unit root test for regression variables, we found that LogA, K'/A, RD/A, OC/A, Mo, EPS, Lev, Growth and CF are free with unit roots, and are therefore stationary sequences that can be included in model regression (the test results are omitted and available from the author upon request).
General regression results
The regression results show that:
(1) After incorporating a number of factors related to R&D values, i.e. the σ g 1i values, they are invariably greater than 1 and significant. This shows that R&D investment will bring about an increase in market value, and the Chinese capital market has a higher evaluation of the R&D investment of CMLCs. Although the inclusion of more control variables causes the regression coefficient of RD/A to fluctuate up and down, the significance and symbols do not change drastically, which indicates that the above conclusions are robust. This is consistent with the results obtained by foreign researchers in the same way to measure the R&D value of listed companies in other countries. Czarnitzki et al. (2006) 16 studies using the assets-value model to estimate the R&D value of listed companies between 1981 and 2005. It was found that the R&D values obtained in the assets-value model were basically all positive and significant for companies listed on the USA, the UK, continental Europe and Australia. This shows that in the well-functioning capital market, the listed company's investment in R&D will increase the company's market value.
(2) Organizational asset investment has a higher valuation in the capital market. The regression coefficient σ g 2i of the organizational asset strength (OC/A) is much higher than the regression coefficient σ g 1i of the R&D capital intensity (RD/A), and in models incorporated with different control variables, they are all statistically significant. The reasons may be that: first, organizational assets are more difficult to replicate than technological innovation is. It is the implicit knowledge of information, experience internalized in individuals, teams and organizations through socialization, externalization and integration. Investment that solely relies on tangible assets, human capital, organizational structure and other intangibles is impossible to completely replicate the organization assets. Second, under the system of determining the listing of enterprises by examination and approval, the listing itself is a proof of the company's management ability. Once listed, the capital market will award higher premium to its organization assets. Third, most Chinese companies still rely on the "rule by man"; the founders of the company have a vital influence on business operations, and professional managers are difficult to replace the original management team. The high valuation of organizational assets represents the capital market's emphasis on the management team.
(3) The R&D value of CMLCs is rather low. The regression coefficient σ g 1i of the R&D capital intensity (RD/A) that incorporates all control variables is lower than the coefficient of 3.10 (Hall, 1993b) of the US manufacturing companies between 1973 and 1990, and lower than that (3.51) of the British manufacturing companies between 1989 and 2002 (Greenhalgh and Rogers, 2006) , and also the coefficient of 3.83 and 8.80 of Taiwan and Korean electronics companies, respectively, in 2000 (Chen, 2010 . The reasons may be twofold: first, the development path of technological capabilities of developing countries and regional enterprises is different from that of developed countries. The technological development of late-starter countries like China is mostly derived from the selection, acquisition, assimilation, absorption and improvement of foreign technology . Second, China's protection of intellectual property rights is insufficient. Even if enterprises invest a lot of resources in R&D, the technological innovations obtained will be quickly copied, and the plagiarists will not be severely sanctioned.
(4) The regression coefficients of the investor sentiment index are all greater than 0 and significant. This proves that investor sentiment will affect the market's estimation of the value of listed companies' assets. To compare the relative size of R&D values of listed companies in the bull or bear markets, the impact of investor sentiment on enterprise value should be controlled in the assets-value model.
(5) Discussion of model endogeneity.
In the basic regression mentioned above, it is necessary to consider the problem of endogeneity. There reasons may also bifurcate: First, if there is a correlation between R&D input, organizational capital and random perturbation terms, the estimates for σ g 1i and σ g 2i are biased. In order to deal with this problem, Model (6) is used as the test model, and the current term of R&D input, organizational capital and control variables in the model is replaced with the corresponding lag phase (T−1) terms, and Model (6) is re-estimated by still using the fixed effect model. The main estimates are shown in column (7) of Table VI. (1) 16.3336 (3.6835) 18.1262 (3.7374) 18.3460 (3.9148) 13.4628 (3.8306) 16.1646 (3.7959) 16.2073 (3.5079) 25.4655 ( . The Regressions have, without exception, controlled the time and firm fixed effects. *,**Significant at the 10 and 5 percent levels, respectively; ***indicates "not significant." All other results were significant at the 1 percent level Since the variable of the lag (T−1) phase is correlated to the current term, the endogenous problem caused by the correlation between the current variable and the current residual term is effectively avoided. The estimated results are basically consistent with the Model (6). The relative value of the R&D input is still greater than 0, only that the absolute value is slightly lower than Model (6), but not significant enough; the relative valuation of the organizational capital is still positive, and slightly higher than the result of Model (6). The second possible reason for the endogeneity is that the size of enterprise value will also affect the investment on R&D and organizational capital. Listed companies with higher enterprise value may invest more R&D and organizational capital, that is, there may be a reverse causal relationship between enterprise value and investment on R&D and organizational capital. The standard approach to dealing with this endogenous problem is to find instrumental variables that are correlated to endogenous explanatory variables but not affected by firm value. In practice, most empirical literature usually chooses the T−1 lag phase variable of the explanatory variable; see Wang (2005) . This paper also considers the T−1 lag phase of R&D and organizational capital as an instrumental variable for R&D and organizational capital. Model (6) is estimated using the two-stage least squares method. The main estimation results are shown in column (8) (6), the estimated coefficients of R&D and organizational capital are also positive, and the absolute values are relatively close, but not so significant as the former estimates. It can be seen that there is a certain endogeneity between enterprise value and R&D and organizational capital investment, but it does not affect the estimation result.
Time-phased regression results
The previous result is the R&D value obtained from all samples from 2003 to 2014, representing the market valuation of R&D of CMLCs during this time period. Then, has the R&D value of listed companies in the manufacturing industry changed during this time span, and what is the trend of change? Since the section fixed effect model must be calculated in a certain period of time, if the time period is too short, the regression result will be unattainable. In order to observe the change of the R&D value of Chinese listed companies in time, the author segmented the 2003-2014 samples into smaller time periods. Considering that the time of segmentation shall be neither too short nor too long, the time period for segmented regression is set to three or four years. In order to prevent the regression bias caused by simple halving, starting from 2003, this paper calculated once every year with the time period moves forward until the end of the time period arrives in 2014. The results thus obtained are as follows (see Table VII , Figure 2 ).
Compare the RD/A regression coefficients for different time periods. The period from 2003 to 2014 can be roughly divided into three periods: the regression results in the first (earliest) period are not significant and will not be discussed; however, it can be found that the R&D value of the second period is always higher than that of the latter period, that is to say, in 2007-2010, the R&D value of CMLCs was higher, and, subsequently, it declined. R&D value represents the expected return of intellectual capital relative to tangible assets. The decline in its value represents a decrease in the relative contribution of R&D investment to enterprise value, leading in return to listed companies' relatively lower R&D investment. Hall (1993a) conducted a study on the valuation of R&D investment stocks of 2,500 manufacturing companies in the USA from 1973 to 1990. It is also found that between 1986 and 1990, its stock market valuation showed a sharp decline of 20-30 percent as compared with the period of [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] . For this phenomenon, Hall construed as such: the return on R&D investment has indeed decreased; the rate of R&D capital depreciation has been greatly accelerated; and the capital market has become more short-sighted and underestimated the future cash flow that R&D investment may bring. For the time being, this paper shall not discuss the intrinsic reasons for these findings in depth, and the more exact answers await further research. Notes: The regression also controlled the time and fixed effects of firms. The segmented (subsection) regression and the common regression model (6) used the same model, but to save space, only the regression coefficients of RD/A are reported. *,**,***Significant at 10, 5 and 1 percent levels, respectively 
Conclusions and implications
The way to measure the value of an enterprise's R&D investments remains a major challenge for the theoretical and empirical study on innovation economics. By reasonably estimating the value of organizational assets, this paper innovatively introduces semi-annual momentum indicators from the perspective of behavioral finance to control the impact of investor sentiment on enterprise value in the market, and expands the assets-value model pioneered by Griliches (1981) to apply it to China's securities market. The relative value of R&D investment in China's manufacturing listed companies from 2003 to 2014 was measured, and the characteristics of R&D value evolution over time were expounded. In the past, the research on R&D value in China has focused on the fields of enterprise productivity, financial performance and output indicators. It remains infrequent to see literature analyzing R&D from the perspective of market pricing. However, the expected benefits of R&D can be measured through the pricing of listed companies in the capital market, thus avoiding the bias that human estimates may bring; therefore, this research has innovative theoretical and practical significance. This paper provides a feasible solution to the problem of measuring the R&D value of Chinese enterprises. Our research shows that the following:
(1) The assets-value model better explains the enterprise value composition of CMLCs.
The model was applied to CMLCs in [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] , and the results were robust. The empirical results show that tangible assets, intellectual assets, organizational assets and other intangible assets are the main components of the market value of CMLCs, while market investor sentiment, earnings per share, corporate debt risk, the growth prospects of successful companies and long-term profitability unrelated to R&D investment are also effective control variables.
(2) The results of the model regression show that the R&D value is greater than 1 and significant. R&D investment will raise the market value of listed companies by folds, that is, the capital market's recognition of R&D investment will increase the company's knowledge stock, and its shadow price will be higher than the equivalent investment in tangible assets. This fully demonstrates that the capital market regards R&D investment as a powerful means for companies to gain competitive edge, and encourages listed companies to innovate. Listed companies should invest heavily in R&D. On the one hand, R&D activities should be regarded as investment in the development of business. On the other hand, R&D activities should be recognized as an incentive to win trust from both the investors and the capital market. In fact, in mature capital markets, the more R&D investments a listed company invests in, the higher valuations a company can receive.
(3) Compared with developed countries, CMLCs have lower R&D values. The reason lies in that the path of China's technological innovation generally starts from imitation . If we aim at maximizing short-term profits, in terms of technology choice, enterprises with limited rationality in a technologically less advanced country will naturally choose the strategy of copinism, given the highest success rate, and then absorb foreign advanced technology through replicative imitation, turning into the company's own technical capabilities. Then the enterprise will improve foreign advanced technology through innovative imitation, finally, and, gradually, it moves toward independent innovation. To this end, the lower R&D value of CMLCs should be a natural mapping of technical imitation. It should be noted that in the early stage of reform and opening up, China's manufacturing technology base was weak, so enterprises are therefore encouraged to vigorously introduce foreign advanced technology for imitation and absorption, and the loose intellectual property protection policy was in line with the national conditions at that time. But after more than 30 years since reform and opening up, there are already a considerable number of domestic enterprises that have established their own technological innovation systems and embarked on the road of independent innovation. At this time, the government should beef up the protection of intellectual property rights to encourage Chinese enterprises to gain new competitive edge through independent innovation.
(4) The R&D value of CMLCs saw a declining trend from 2007 to 2014, but the listed companies beefed up the relative investment of R&D in the same period. A similar phenomenon of declining R&D value also appeared in the USA during [1986] [1987] [1988] [1989] [1990] . There may be many explanations for this, but it is more important to first confirm this surprising phenomenon from more angles. This provides a new perspective on the future evolution of China's manufacturing industry, and an important orientation for scholars' further study as well.
